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(370/110 mg/mL) via an indwelling 24-gauge antecubital catheter with automated intravenous contrast injector. The contrast agent was given with a 25-sec delay at a speed of 4 mL/sec. 3D images were reconstructed using maximum intensity projection (MIP) and 3D rendering algorithms on a Vitrea 2 (vital image) workstation. The 0.5-mm-thick axial source images were reconstructed to 1-mm-thick sagittal and coronal images with 50% reconstruction overlap. All patients were scanned using a 1.5T scanner (Siemens Magnetom Symphony Quantum, Erlangen, Germany). Data recorded included 3D time-of-flight (3D TOF) MRA protocol, echo time (19 ms), repetition time (5.7 ms), flip angle (16°), the number of signal averages (2) , field of view (18 cm), slice thickness (1 mm), and matrix dimensions (230×256).
3D TOF MRA data were transferred to a workstation (Leonardo, Siemens) computer system. Intravascular virtual MR endoscope techniques were used on MRA MIP images. To obtain an intracranial view, we manually determined the central point of the vessels in the axial, sagittal, and coronal planes, from which we generated virtual endoscopic images. The virtual endoscopy software then allowed us to explore the vessels with a mouse and manually draw a path as we navigated through various multiplanar reformations. The selected images were then automatically reconstructed along this predetermined path to create "fly-through" movies sequentially moving cranially to caudally along this flight path to simulate the continual progression of an endoscope down the vessels. Images in three planes helped the operator orient to the anatomy depicted on the 3D display and steer the virtual endoscope view via fly-through. A threshold value (low 0, high 200) was selected for surface-shaded displays. Using the fly-through technique, we evaluated the presence of aneurysms, the inner surface textures of aneurysms, and the orifice of the aneurysm neck by moving inside vessels related to aneurysms.
We performed the virtual endoscopic examination of intracranial aneurysms by applying navigator-perspective endoscopic algorithm MRA MIP images. By moving the observation point applied to the brain vessels in the study area at a specific angle, we could obtain precise information about the presence of aneurysms in very small vessels, such as communicant arteries, size, neck of aneurysm, internal aneurysm structure, and defects in the walls with a risk of perforation of the aneurysm.
The images were evaluated by two neuroradiologists in terms of image quality via qualitative analysis of 3D TOF MRA and intravascular virtual MR endoscopy images of the orifice of the aneurysm neck, the origin of the bifurcating artery, and the relationship of the main and bifurcating arteries to the orifice of the aneurysm. The readers were fully blinded. Image quality was assessed using a subjective five-point scale; 5 was excellent, 4 was good, 3 was medium, 2 was weak, and 1 was very weak. In terms of image quality, the mean score was calculated separately for each reader according to a subjective scoring of 3D TOF MRA and intravascular MR virtual Magnetic resonance angiography (MRA) is a non-invasive imaging technique based on the detection of blood flow within the cerebral vessels. Its primary advantage is that it provides us with very thin sections, which produce almost sub-mm source images that can be viewed later using both two-dimensional (2D) and three-dimensional (3D) modes. The main disadvantages of this technique are the prolonged acquisition time and artifacts due to flow phenomena and patient motion (14) . Over the past decade, technical developments in MR imaging have made it possible to produce an endoluminal view of hollow organs. These techniques have yielded images that are similar to those obtained via endoscopy. These imaging protocols allow patients to undergo a "virtual endoscopy" (27) . Virtual MR endoscopic techniques are used to gain an image display using computer processing of 3D data sets to provide a simulated visualization of a patient's hollow organs similar to that produced by standard endoscopes (16, 23, 27) .
Studies have described clinical applications of virtual endoscopy to visualize the inside of the bronchi, paranasal sinus, stomach, bladder, small intestine, pancreatic duct, bile duct, and spine (2, 6, 8, 10, 11, 16, 19, 21, 23, 24) . Shigematsu et al. (20) reported the use of virtual intravascular MR endoscopy for aneurysms in three cases. Colpan et al. (5) evaluated the effectiveness of using virtual CT endoscopy during intracranial aneurysm surgery. To our knowledge, there is no large series in the English-language literature related to the cerebral aneurysm perspective via evaluating intravascular virtual MR endoscopy.
The evaluation of the internal morphology of main arteries with saccular aneurysms and the orifice of the aneurysm neck, the origin of the bifurcating artery, and the relationship of the main and bifurcating arteries to the orifice of the aneurysm neck is important in the planning of correct surgical clipping of the aneurysm neck. The aim of this study was to evaluate the role of intravascular virtual MR endoscopy in the planning of correct surgical clipping of the aneurysm neck.
MATERIAl and METHodS
By using our institute's database from April 2007 to February 2008, we found patients who presented with severe headache and were found to have subarachnoid hemorrhage (SAH) on non-enhanced computed tomography and had undergone multidetector computed tomography angiography (MDCTA) and MRA to include in the study. Thirty patients (age range 12-75 years; mean age 52.29 ± 3.49), 12 (40%) male and 18 (60%) female, were included in this study. Thirty-six aneurysms were detected in 30 patients by MDCTA and MRA. Our study was approved by our institutional ethics committee.
Imaging
All patients underwent CT study with an Aquilion scanner (Toshiba Medical Systems, Tokyo, Japan) with 16-row MDCTA. The CT parameters used included section thickness (1 mm), field of view (25 cm), kV (120), mA (300), and pitch (1.5). The patient received 2 mL/kg nonionic contrast medium
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endoscopy images via qualitative analysis. The mean scores were calculated for both readers for intravascular virtual MR endoscopy and MRA. The difference in mean scores for each readers was compared by the Mann-Whitney U test. We used SPSS version 15.0; p<0.05 was accepted as statistically significant.
RESulTS
The anterior communicating artery (ACoA) was the most common location of aneurysms in our series. Of the 36 aneurysms, 11 (30%) were in the ACoA, 8 (22%) were in the middle cerebral artery (MCA) and bifurcations, 6 (17%) were in the posterior communicating artery (PCoA), 1 (3%) was in the anterior cerebral artery (ACA), 2 (5.5%) were in the posterior cerebral artery (PCA), 4 (11%) were in the ICA and segments, 2 (5.5%) were in the posterior inferior cerebellar artery (PICA), 1 (3%) was in the ophthalmic artery, and 1 (3%) was in the basilar artery. The locations of the aneurysms in our study group are summarized in Table I . Of the 36 aneurysms, 3 (8%) were fusiform, 2 (5.5%) were located at the PCA, 1 was located at the PCoA, and the rest were saccular. The diameter of two (5.5%) of the aneurysms were 75 mm and 25 mm (giant aneurysms), while the largest of the other aneurysms was 11.7 mm; the smallest was 1.7 mm. No statistically significant differences in MDCTA and MRA were found in terms of number of aneurysms, localization, and neck of aneurysm. The sizes of the aneurysms that were detected by MDCTA/ MRA are summarized in Table II. Based on the scoring system for evaluating image quality using qualitative analysis, both readers found the mean scores to be 3.82 ± 0.52 and 3.91 ± 0.72 for virtual MR endoscopy, and 2.97 ± 0.71 and 2.89 ± 0.83 for MRA (Table III) . The highest mean score belonged to the intravascular virtual MR endoscopy for both readers. The mean score difference between 3D TOF MRA and virtual intravascular MR endoscopy was statically significant (p<0.001) for both readers.
The orifice of the PCoA in six cases, the relationship to the ICA (Figure 1) , and the leaving-branch PCoA were demonstrated by the virtual MR endoscope technique (Figures 2A-C, 3A-D,  4A-D) . The location of the orifice of the ACoA aneurysm in the ACoA and the leaving-branch (A2 segment of the ACA) were also demonstrated with this technique (Figure 5A-C) . In cases of MCA aneurysms, the orifice of the bifurcating artery and its relationship to the M2 branches ( Figure 4A-D) were demonstrated. We showed in 10 cases the presence of thrombus in the aneurysm via virtual intravascular MR endoscopy ( Figure 1A-C) .
dISCuSSIon
Demonstrating a detailed internal anatomy of an aneurysm and its leaving-branches may help with the proper surgical repairing and clipping of the aneurysm neck. It is sometimes difficult to evaluate the neck and the internal structure of an aneurysm by MDCTA and MRA. The relationship of the main and bifurcating arteries to the orifice of the aneurysm neck is difficult to comprehend by traditional rendering techniques that require surgeons to mentally envisage the tubular views from sequential 2D cross-sectional data, a procedure that requires much experience.
Volume rendering allows the production of images of the inner surface of the tubular lumens; this technique has been named virtual endoscopy. Virtual endoscopy is a new way to describe an image display method using computer processing of 3D data sets to provide a simulated visualization of a patient's hollow organs similar to that produced by standard endoscopy. It provides a realistic 3D intraluminal simulation of cavities that is generated by processing volumetric data sets using specialized software packages and powerful workstations (1, 9, 11, 13, 27) . This rendering technique is one of the most important technical determinants of virtual endoscopy. The two methods widely in use are perspective rendering and orthographic external rendering with cut planes. Orthographic rendering 
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Although virtual endoscopy does not allow direct physical biopsy or treatment options, an established technique will be useful for preoperative simulation and the 3D perception of lesions (6, 20) .
Studies have described clinical applications of virtual endoscopy to visualize the inside of the tracheobronchial tree, paranasal sinus, stomach, bladder, small intestine, pancreatic duct, bile duct, and spine (2, (6) (7) (8) 10, 11, 16, 19, 21, 23, 24) . Virtual endoscopy used for preoperative planning in neurosurgery for endoscopic third ventriculostomy, nasal cavity and paranasal sinus surgery, and virtual endoscopy visualization of the sphenoid sinus and important adjacent structures is valuable for training and the preoperative planning of endonasal transsphenoidal surgery (15) . Virtual endoscopy is the most commonly used technique, particularly for the external visualization of a lumen from a viewpoint external to the data. However, it can also be used for internal visualization when combined with cut planes positioned within the lumen of the structure of interest. This method cannot provide a continuous demonstration of all interior surfaces of a lumen. In perspective rendering, the viewpoint using is from within the lumen, mimicking fiber-optic endoscopy and bypassing the limitations of the invasive technique that requires access to the lumen and has a restricted visual direction (1, 18) . Recently, a perspective volume rendering method was applied with a virtual endoscopic algorithm. With this method, the volume data are rendered from a point source at a finite distance to approximate the human visual system. 
with a perspective-rendering method for intracranial aneurysm in the English-language literature; they showed that it is helpful when coupled with MRI, and they suggest that additional clinical trials be held for demonstrating its efficacy. In our study, as Shigematsu et al. (20) have done, we evaluated intravascular virtual MR endoscopy of the orifice of the aneurysm neck, as well as the relationship of the main and bifurcating arteries to the orifice of the aneurysm, using the perspective method.
Aneurysmatic dilatations of the vessels generally originate from the bifurcation of the basal cerebral arteries. In the clipping of the aneurysm neck, knowledge about the relationship between the aneurysm neck and its main trunk and perforating arteries is extremely important for the proper clipping of the neck. In this clinical study, we investigated the internal structure of the aneurysm by using intravascular virtual MR endoscopy, and we examined the relationship of the ACoA, aneurysm orifice, and A2 orifice to the aneurysm neck and the relationship of the PCoA and the ICA aneurysm originating near the posterior communicating bifurcation. Our study also showed the relationship of the aneurysm to the MCA bifurcation, as well as the origin of the M2 segments. We clearly revealed the presence of thrombus in aneurysms via virtual intravascular MR endoscopy. While none of the thrombi in aneurysms was shown by MRA in our cases, we were able to show thrombus by CTA in one case. We showed in 10 cases the presence of thrombus in the aneurysm via virtual intravascular MR endoscopy. Knowledge about the internal structures of MCA bifurcation aneurysms is important for proper clipping of the aneurysm neck.
In our study, when compared with 3D TOF MRA in terms of evaluating the orifice of the aneurysm neck, intravascular virtual MR endoscopy was found to be more advantageous for surgeons in demonstrating the origin of the bifurcating was used to evaluate intracranial aneurysms. Colpan et al. (5) examined the use of CTA images employed with virtual endoscopy image processing techniques to better assess intracranial vasculature during aneurysm surgery and to evaluate its effect on surgical outcomes, and reported significantly reduced complication rates in aneurysm surgery as a result of virtual endoscopy. Tanoue et al. (25) evaluated the accuracy of rotational digital subtraction angiography in 3D reconstructed images of intracranial aneurysm surgeries; they showed the efficacy of 3D digital subtraction angiography guides for surgeons in terms of understanding the 3D views of structures, and help with the preoperative surgical planning of cerebral aneurysms.
Intravascular virtual MR endoscope is a non-invasive and non-ionizing radiation imaging technique in comparison virtual digital substraction angiographic endoscopy. The invasive nature of virtual digital substraction angiographic endoscopy is an additional disadvantage, carrying a 0.4-0.5% rate of persistent neurological complications, and a low but significant 1% complication risk related to arterial puncture and catheter manipulation (26, 12) . The intravascular virtual MR endoscope therefore has extremely rare complications related with technique. Virtual CT endoscopy presents some difficulties in evaluating aneurysms located near bone structures and includes ionizing radiation (12) .
MR endoscopy was routinely used for the large abdominal and thoracic vessels; however, studies regarding its use in intracranial applications are limited. The use of intravascular virtual MR endoscopy for the evaluation of intracranial aneurysms is quite rare. İn a different study, Bontozoglou et al. (3, 4) described the size of the aneurysmal sac and its orifice using 3D endovascular MR angiography via an orthographic rendering method. As far as we know, only Shigematsu et al. (20) described the use of intravascular virtual MR endoscopy 
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artery, as well as the relationship of the main and bifurcating arteries to the orifice of the aneurysm neck. This study is a pioneer study in terms of evaluating aneurysms via intravascular virtual MR endoscopy with qualitative analysis, and is proposed as a guide for future studies on this subject. However, the limitations of the study were the absence of a comparison of the qualitative analysis results with surgery reports. Nevertheless, the origin of the bifurcating artery, as well as the relationship of the main and bifurcating arteries to the orifice of the aneurysm neck, were demonstrated in detail, and it is proposed that this method may be useful for the planning of correct surgical clipping of the aneurysm neck.
ConCluSIonS
With its limitations, the intravascular virtual MR endoscope technique was used to demonstrate the internal morphological structure of the basal cerebral arteries, the orifice of the aneurysm neck, the origin of the bifurcating artery, and the relationship of the main and bifurcating arteries to the orifice of the aneurysm neck. The intravascular virtual MR endoscope technique may provide detailed information about the internal morphology of the main artery and the origin of the aneurysm neck. It may also be helpful in the proper surgical clipping of the aneurysm neck.
